Objective: Changes in soluble intercellular adhesion molecule-1 (sICAM-1) and E-selectin levels as well as leukocyte count were examined in this study to explore the relationship between leukopenia and ICAMs in Graves' disease (GD) 
INTRODUCTION
Graves' disease (GD), an organ-specific autoimmune disease, is a common type of hyperthyroidism that occurs at any age, with a high incidence rate. Graves' disease is often associated with leukopenia, especially agranulocytosis, which often leads to a critical condition, as well as severe secondary inflammation. In GD treatment, antithyroid drugs (ATDs) are necessary for symptom control prior to surgery treatment or iodine-131 treatment. Otherwise, hyperthyroidism crisis may occur. However, the use of ATDs may cause leukopenia and influence patients' prognosis. Therefore, GD complicated by leukopenia has not been clearly elucidated in clinical practice (1, 2) .
The improvement of leukocyte levels in patients with hyperthyroidism seems important. The specific mechanisms of leukopenia, such as marrow depression, anti-neutrophil antibodies, and so on, have been unclear and controversial (3) (4) (5) , thereby complicating ATD treatment. In recent years, the understanding of cell adhesion molecules in the cells, among the cells, and between cell and matrix has been attracting attention. Except for inflammatory and autoimmune mechanisms, adhesion molecule changes may affect the distribution of granulocytes (6) . In untreated GD, the high concentration of thyroxine affects adhesion molecules and promotes the adhesion and aggregation of leukocytes on the blood vessel walls at the edge of the pool (7) . An in-depth study is needed to further elucidate the possible mechanism involved in GD with leukopenia.
In this study, leukocyte count and adhesion molecule (soluble intercellular adhesion molecule-1 (sICAM-1) and Eselectin) levels were examined in GD patients to understand the relationship between leukopenia and adhesion molecules as well as the possible mechanism involved in GD with leukopenia. Results were explored for use in clinical treatment, which could provide a theoretical basis for a new target therapy.
SUBJECTS AND METHODS
Patients with initial GD were selected from the Endocrine Department of the Second People's Hospital of Lianyungang between June 2009 and June 2010 according to the hyperthyroidism diagnostic criteria (5) . These patients had no other immune-related diseases; those with hypersplenism, aplastic anaemia, other blood diseases, and any treatment (to rule out drug factors) were excluded from the study. This criterion was applied such that any leukocyte changes observed in the patients can be attributed to hyperthyroidism.
The selected patients were divided into two groups according to leukocyte count: the normal group [leukocyte count ≥ 4.0 × 10 9 /L, neutrophil count ≥ 1.5 × 10 9 cells/L] and the leukopenia group [leukocyte count ≤ 4.0 × 10 9 /L, neutrophil count ≤ 1.5 × 10 9 /L] (8). The normal group consisted of 37 patients (seven males and 30 females; mean age 42 ± 13 years), whereas the leukopenia group included 32 patients (five males and 27 females; mean age 38 ± 15 years). Age and gender in both groups were matched. This study was conducted in accordance with the Declaration of Helsinki and with approval from the Ethics Committee of the Second People's Hospital of Lianyungang. Written informed consent was obtained from all participants.
Fasting blood samples were obtained to measure leukocytes, sICAM-1 and E-selectin by enzyme-linked immunosorbent assay (ELISA). Patients with Graves' disease and leukopenia were treated with glucocorticoids (15 mg/day to 30 mg/day prednisone) until the leukocyte and neutrophil counts were ≥ 4.0 × 10 9 /L and ≥ 1.5 × 10 9 /L, respectively. Venous blood sample extraction was then repeated to determine sICAM-1 and E-selectin levels after the treatment. The French DIOCLONG company provided the kits, the instructions of which were strictly followed. SPSS 11.5 statistical software was used to analyse the data which were expressed as mean ± standard deviation ( ± s). T-test and Pearson correlation method were also performed, with p < 0.05 considered as statistically significant.
RESULTS

Comparison of sICAM-1 and E-selectin levels
The sICAM-1 levels of the GD patients with leukopenia were slightly higher than those of the normal serum group, but the difference was not statistically significant (p = 0.12). Eselectin levels in the leukopenia group were higher than those in the normal group, and the difference was significant (p < 0.05), as shown in the Table. Moreover, the Table also shows that serum sICAM-1 and E-selectin levels of GD patients with leukopenia decreased (p < 0.05) after glucocorticoid treatment.
Correlation of leukopenia and serum E-selectin
Correlation analysis showed that leukocyte count and Eselectin were negatively correlated [r = −0.778; p < 0.05] (Figure) .
DISCUSSION
Graves' disease with leukopenia involves complex factors (9, 10) . In addition to ATD side effects, abnormal haematopoietic function or hyperthyroidism may be considered. We selected patients with recent diagnosis of GD who have not experienced any treatment, with no blood diseases, and other factors such that hyperthyroidism could be considered as the cause of leukopenia. As an autoimmune disease, the specific cause of hyperthyroidism with leukopenia is unclear. Previous studies suggested that GD patients with hyperthyroidism can produce antibodies against leukocyte and antineutrophil cytoplasmic antibody, which results in increased leukocyte destruction (11) . Several studies considered the involvement of genetic predisposition in the pathogenesis (12), whereas others suggested that a high level of thyroid hormones causes abnormal leukocyte distribution, namely, leukocytes gather at the edge of the pool. The mechanism might involve the preferential main influence of thyroxine on myeloid migration and/or adhesion factors (7) . Previous studies have also reported that no significant correlation was found between leukopenia and thyroxine hormone levels (13) . In recent years, with the in-depth study and gradually increasing understanding of CAMs, many common features between cell-cell as well as cell-matrix and mechanicalchemical signal transfer mechanism have been found. These features were related with the adhesion system, which also had some common characteristics. Adhesion molecule levels may affect leukocyte distribution and influence leukocyte count (7) .
The results of this study showed that the serum sICAM-1 levels in GD patients with leukopenia were slightly higher than those in the normal group, but the difference was not statistically significant (p = 0.12). The E-selectin levels of the leukopenia group were higher than the normal group (p < 0.05). Correlation analysis indicated that leukocyte count and E-selectin levels were negatively correlated (r = −0.778). Soluble intercellular adhesion molecule-1 is one of the first discovered immunoglobulin superfamily of adhesion molecules that is present in blood circulation in the soluble form. Soluble intercellular adhesion molecule-1 is expressed in a variety of cells, such as blood vessels, endothelial cells, dendritic cells, macrophages, fibroblasts, and so on [including the thyroid cells] (14) . Moreover, sICAM-1 is a class of cells that can mediate mutual contact and binding among cells and between cells and interstitial molecules, mainly mediating interactions between lympho-cytes and target cells in effector organs to direct lymphocytes to the effective site for aggregation, positioning and antigen presentation (15) . Previous studies suggested that in the pathogenesis of thyroid-associated ophthalmopathy, sICAM-1 has an important intermediary function (16) . However, no noticeable change in sICAM-1 level was observed in this study. This finding is presumably correlated with the different effector cells it acted on. E-selectin, which is also an important member of the adhesion molecule selectin family, is also known as "leukocyte endothelial cell adhesion molecule-1 CD62E". This induced adhesion molecule is secreted by activated vascular endothelial cells. E-selectin, which is expressed in vascular endothelial cells after certain stimulation, mediates leukocyte and endothelial cell adhesion (17, 18) . Previous studies on asthma mechanisms indicated that E-selectin may be involved in the recruitment and aggregation of leukocytes in inflammatory response (19) (20) (21) . Table: Leukocyte count, serum sICAM-1 and E-selectin levels changes ( ± s) Gao et al Figure: The correlation of leukocyte count and E-selectin. WBC = white blood cells
Another study suggested that adhesion molecule gene defects reduce leukocyte-mediated inflammatory response (22) . Graves' disease with leukopenia is related with increased levels of adhesion molecules (E-selectin), promotion of leukocyte adhesion on vessel wall and leukocyte aggregation at the edge of the pool. After glucocorticoid treatment, serum sICAM-1 and E-selectin levels decreased in Grave's disease patients with leukopenia (p < 0.05). This result indicates that glucocorticoids may have a certain function in the anti-adhesion and regulation of adhesion molecules. Grave's disease with leukopenia was found to be associated with systemic immune disorders, and immunomodulatory therapy with glucocorticoids can affect the expression of ICAMs (23, 24) . In this study, glucocorticoids may have affected leukocyte distribution through its effect on adhesion molecules. The anti-inflammatory agent dexamethasone activates endothelial cells. The covalent bond of dexamethasone links to an E-selectin antibody to form dexamethasone-e-selectin-antibody through E-selectin-targeted drug-antibody conjugation, thereby causing specific actions (25) . The specific molecular biological mechanism needs further studies.
In summary, this study showed that GD with leukopenia was affected by the change in the level of adhesion molecules, and adhesion molecules affected leukocyte distribution. This new understanding is proposed to address the causes and treatment of hyperthyroidism with leukopenia to change leukocyte migration and adhesion factors such that the aggregation of leukocytes at the edge of the pool is reduced. This positive investigation on anti-adhesion is productive for the treatment of hyperthyroidism with leukopenia, and further studies are needed on its specific mechanism.
